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Identification and characteration of hydroperoxide lyase (HPL) gene fam-

ily in seven species of Rosaceae
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Abstract: [Objective] HPL is not only related to the formation of aroma of multiple fruits and vegeta-
bles, but also plays a core role in inducing plant defense as part of the metabolic pathway of lipoxygen-
ase, and is related to physiological processes such as plant resistance to disease, insect, injury, stresses ,
storage and aging. This study used bioinformatics method to identify HPL gene family of Rosaceae and
analyze the characteristics of HPL, so as to have a better understanding of the HPL gene family of Rosa-
ceae, and provide clear candidate genes for the improvement of Rosaceae varieties at the molecular lev-
el.[Methods] By known Arabidopsis HPL genes and their encoded protein sequence, we retrieved the
genome database of 7 Rosaceae species including Pyrus bretschneideri, Malus domestica, Prunus persi-
ca, Fragaria vesca, Pyrus communis, Rubus occidentalis and Prunus mume to identify the HPL candi-
date genes. Then NCBI was used to compare the candidate sequences for conserved domains. Prot-
param was used to predict the physicochemical properties of HPL proteins. Then all HPL gene struc-
tures and motifs were analyzed by online software GSDS 2.0 and MEME. ClustalW was employed to
perform multiple sequence comparison analysis on the amino acid sequences of the obtained HPL gene
family, and phylogenetic trees was generated with neighbor-joining method by MEGA 6 software. Nine
nodes were selected from the protein phylogenetic tree, the value of AN/dS (w) for each node was calcu-
lated by the CODEML program of PAML 4 software, and the “site-specific” model was used to identify

the amino acid sites experiencing positive selection. MCScanX was used to detect the collinearity of the
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HPL gene. Futhermore, HPL gene expression of pear and apple were examined. [Results]In this study
we identified 33 HPL homologous genes, 6 from pear, 4 from apple, 3 from peach, 5 from strawberry, 4
from European pear, 6 from black raspberries, 3 from mume and 2 from Arabidopsis thaliana. MEME
results showed that 31 HPL genes contained 10 motifs, and only A74G15440.1 lacked motifl and mo-
tif3, indicating that HPL gene family members were highly conserved during evolution, and member ex-
pansion was mainly related to whole genome replication events. Analysis of all HPL gene structures
showed that the HPL gene had a simple structure and most HPL genes contained one or three CDS. Phy-
logenetic trees divided the HPL genes of Rosaceae species and Arabidopsis into three subgroups. Sub-
group B and C contained one Arabidopsis HPL gene. Subgroup A and C contained HPL genes from all
seven Rosaceae species, and subgroup B contained HPL genes from six Rosaceae species. Among the 9
tested nodes, 7 nodes showed significant positive selection, indicating that positive selection played an
important role in the evolution of HPL genes. Among these HPL genes, the distribution of positive se-
lection sites estimated by Bayesian method under the M8 model was very scattered and the rule was not
obvious, which indicated that point mutations with positive selection effect played an indispensable role
in the evolution of HPL gene family. Nine collinearity relationships between white pear and six other
species of Rosaceae were identified by MCScanX, including three pairs of collinearity of peach and
mei, two pairs of collinearity of European pear and one pair of collinearity of apple. This was also relat-
ed to the shorter differentiation time of these species. The expression results of pear and apple showed
that the expression level of Pbr041820.1 of pear in subgroup C was 2- 6 times higher than that of
Pbr020059.1 of subgroup B in different periods, and 4 HPL in subgroup A was not expressed. In apple
HPL expressed more in wild material than that of cultivar. Apple MDP0000132456 was located in the A
subfamily, which was hardly expressed. And the MDP0000424398 and MDP0000225501 in the B sub-
family were expressed.[Conclusion] In this study, a total of 31 HPL genes were identified from seven
species of Rosaceae. Each species no less than 3 genes. Positive selection had significant effect on HPL
gene. Mdp0000424398, mdp0000225501 and pbr041820.1 of apple and pear were active expression
genes. The active HPL gene of pear belonged to C subgroup, the active HPL gene of Apple belonged to
B subgroup.
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Table 1 Genomic information of 7 species of Rosaceae and Arabidopsis

Wy Getn fhgy Wik e PR 2H R £ HPLIEI% SE
. Chromosome . Genome gene Identified HPL

Species Release version Gene name prefix

number number genes

24 Pyrus bretschneideri 34 gigadb,v121010 42 341 6 Pbr

B Malus domestica 34 GDR,v1.0 63 541 4 MDP

Wk Prunus persicaa 16 GDR,v2.0.al 26 873 3 Prupe

L4} Fragaria vesca 14 GDR,v4.0 28 588 5 FvH

VAVERL Pyrus communis 34 GDR,v1.0 43419 4 PCP

WA Rubus occidentalis 14 GDR,v1.0 28 005 6 Bras

W Prunus mume 16 BFU,v1.0 31390 3 Pm

fUFE IF Arabidopsis thaliana 10 TAIR10 27 655 2 AT
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Table 2 Basic information of HPL genes of 7 species of Rosaceae and Arabidopsis

Bge Geto kg s f@ﬁﬁ&ﬁ_ KR CDs K i ﬁ%ﬁﬁ??ﬂﬁ)ﬁ TR HiRLE EEL"
Accession number ChrO}ncsome Stan posi- o4 position CDs sequence  Amino acid sequence Molecular Theoretical
location tion length/bp length/bp mass/ku pl
Pbr041820.1 Chr9 15570321 15574216 1 464 487 54.52 7.57
Pbr028466.1 scaffold471.0.1 333665 335119 1 455 484 53.95 6.73
Pbr039849.1 Chr10 21428388 21429845 1458 485 53.70 6.47
Pbr020059.1 Chrl5 5066810 50688041 1611 536 59.83 8.76
Pbr008503.1 scaffold1515.0 10067 11521 1 455 484 54.12 6.29
Pbr004466.1 scaffold1205.0 70442 71896 1 455 484 54.01 7.09
MDP0000132456 Chr2 27532816 27534261 1446 481 53.95 6.73
MDP0000424398 Chr8 3864334 3865987 1653 550 61.77 8.86
MDP0000225501 Chr8 3879447 3881042 1 596 531 59.72 8.87
MDP0000198152 Chr9 7538386 7541728 1701 566 63.82 8.47
Prupe.3G213800.1 Chr3 21746035 21748959 1476 491 64.81 6.91
Prupe.8G110100.1 Chr8 13983746 13985566 1 449 482 54.16 6.53
Prupe.1G386300.1 Chrl 34606454 34609337 1 586 468 52.86 8.63
FvH4 6g42740.1 Chr6 33232547 33235524 1485 494 54.99 6.72
FvH4_2g07410.1 Chr2 6119731 6121188 1458 485 54.43 8.48
FvH4 2g07430.1 Chr2 6134269 6143829 3483 1160 130.14 6.27
FvH4 2g40510.1 Chr2 28863967 28865544 1578 525 59.03 8.83
FvH4 5g16260.1 Chr5 9273292 9274746 1455 484 54.71 7.63
Bras T02429 S0007 1258091 1259773 1684 560 63.16 9.02
Bras_T06715 S0033 387692 390586 1476 491 55.02 6.96
Bras_T16549 S0183 110697 118124 1590 529 59.06 8.35
Bras_T16553 S0183 131852 133309 1458 485 54.57 6.77
Bras T16555 S0183 166589 168034 1 446 481 54.75 7.62
Bras_T16557 S0183 187121 197091 2919 972 109.10 7.04
PCP010301.1 scaffold00347 231445 233227 1 455 484 54.00 6.48
PCP012365.1 scaffold01388 45459 49137 1 464 487 54.49 6.96
PCP013345.1 scaffold00249 291247 295387 1 845 614 68.05 5.73
PCP044955.1 scaffold01315 31700 35558 1797 599 67.52 7.55
Pm005761 Chr2 12804834 12806420 1587 528 59.26 9.10
Pm015123 Chr4 17568415 17571184 1476 491 54.80 6.48
Pm021564 Chr6 9671420 9672865 1 446 481 54.43 6.77
AT4G15440.1 Chr4 8835368 8838676 1155 384 42.67 5.64

AT5G42650.1 Chrs 17097564 17099595 1557 518 58.20 8.75
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Fig. 1 Motif analysis of HPL protein in 7 Rosaceae species and Arabidopsis
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Fig. 2 Structure of HPL genes in 7 species of Rosaceae and Arabidopsis
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Fig.3 The evolutionary tree of 7 Rosaceae species and Arabidopsis
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Fig. 4 Phylogenetic tree of HPL genes in 7 Rosaceae species and Arabidopsis
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Table 3 Positive selection test for special loci of HPL gene in 7 Rosaceae species

dN/dS(w)

Node N under M0’

2 /A /M3 vs. MO*

2/ /M8 vs. M7¢

M8 estimates’

Positively selected sites*

0.333 60

0.220 69

0.220 80

0.210 99

0.149 48

0.084 11

0.083 63

0.130 65

0.139 12

68.54%**

57.80%**

188.64**

75.66%*

323.18%*

141.58%*

96.33**

79.89%*

92.64**

18.12%*

7.02%*

6.65*

3.14

1.49

0.27

1.78

8.94*

14.21%*

p1=0.849 85,0=3.155 13
p=0.007 48,7=2.893 98
p1=0.002 77, w=13.356 89
p=0.160 22,q=0.491 75
p1=0.007 10,0=2.199 68
p=0.635 63,q=1.912 34
p1=0.030 76, w=1.496 06
p=0.597 61,q=2.162 58
p1=0.005 63, w=1.000 00
p=0.710 45,q=3.444 62
p1=0.004 13,0=1.000 0
p=0.31112,4=2.397 76
p1=0.013 92,0=1.000 0
p=0.156 47,q=1.220 12
pl=0.020 00, = 2.109 15
p=0.593 26,q= 3.701 68
pl=0.057 04, 0= 1.332 34
p=0.517 89,q=4.123 00

28

15

Wi N O S B R E b, @I MO BRI R ASR Al T {5 s . M3 AT MO/M8 A M7 AU EE s #2oR R U7 IS p < 0.05, **3RoR
P < 0.01;d. M8 BT AR RALSRAS THE Cod ML FEAL I FT 0 B () sp Al q A R B e, 22T M8 B, 5 IR HER >0.50 fr T 1L FE4F

LA A IR H

Note: a. N is the number of genes in the node; b. The maximum likelihood estimation value obtained by the MO model; c. The likelihood ratios of
M3 and MO / M8 and M7; * indicates the chi-square test p < 0.05, ** indicates p < 0.01; d. Maximum likelihood estimate (@) and positive selection

site percentage (p1) under the M8 model; p and q are distribution coefficients; e. Based on the M8 model, number of amino acids at the positive selec-

tion effect site with the posterior probability > 0.50.
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Fig. 5 Posterior probability distribution diagram of positive selection sites on the sequence
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Table 4 The collinearity of HPL genes among 7 Rosaceae species
LR F 1 et fk FLLE M1 2 YSERI
Synteny sequence 1 Chromosome Synteny sequence 2 Chromosome
Pbr041820.1 Chr9 PmO015123 Chr4
Pbr041820.1 Chr9 Prupe.3G213800.1 Chr3
Pbr041820.1 Chr9 PCP012365.1 scaffold01388
Pbr039849.1 Chr10 Pm021564 Chr6
Pbr039849.1 Chr10 Prupe.8G110100.1 Chr8
Pbr039849.1 Chr10 PCP013345.1 scaffold00249
Pbr020059.1 Chrl5 MDP0000424398 Chr8
Pbr020059.1 Chrl5 Pm005761 Chr2
Pbr020059.1 Chrl5 Prupe.1G386300.1 Chrl
MDP0000424398 Chr8 Pm005761 Chr2
MDP0000424398 Chr8 Prupe.1G386300.1 Chrl
Pm015123 Chr4 Prupe.3G213800.1 Chr3
PmO015123 Chr4 PCP044955.1 scaffold01315
Pm015123 Chr4 PCP012365.1 scaffold01388
Pm021564 Chr6 PCP013345.1 scaffold00249
Pm021564 Chr6 Prupe.8G110100.1 Chr8
Pm005761 Chr2 Prupe.1G386300.1 Chrl
PCP013345.1 scaffold00249 Prupe.8G110100.1 Chr8
PCP044955.1 scaffold01315 Prupe.3G213800.1 Chr3
PCP012365.1 scaffold01388 Prupe.3G213800.1 Chr3
A FA I HPL 2k 5 S/ b HPL ik
Pear cultivar HPL expression Pear wild species HPL expression
1407 B Pbr020059.1 1 Pbr041820.1 1401 131.0 I Pbr020059.1 1 Pbr041820.1
E 120t 116.0 T 120f
S 00l g Lol
= 100 § 100 90.8
A 3.4 ’ ]
2.5 80f 2.8 80r
z g 62.2 %2
= 2 =]
& B oo E & 6o
a = H
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